We investigate the lithium storage properties of two kinds of materials as anode for LIB: graphene oxide (GO) and self-assembled hollow-sphere zinc oxide/reduced graphene oxide (ZnO/rGO) nanocomposite. GO is obtained by Hummers method controlled by the various process parameters. The ZnO/rGO hollow sphere nanocomposite is synthesized by a low temperature (95 °C) chemical solution reaction. For ZnO/rGO composite, the capacity is increased remarkably as compared to GO sheets, and this is due to the synergistic effects of both the components in the composite. The GO acts as a conductive buffer layer that promotes the conductivity, and suppresses the volume expansion of ZnO during the charge/discharge process. ZnO/rGO hollow sphere structure nanocomposite has higher capacity 605.36 mAh g -1 , which is 4.5 times higher than GO (133.82 mAh g -1 ), after 20 cycles. The capacity variation with the charge-discharge rate of ZnO/rGO nanocomposite showed a higher capacity (299.95 mAhg -1 at 1700 mAg -1 ) than GO (20.09 mAhg -1 at 1488 mAg -1 ) after 32 cycles.
INTRODUCTION
During the last few decades, people around the world are increasingly aware of the importance of energy storage devices that can provide energy to a range of electronic devices. Ultra-high capacity slim devices are used in electric vehicles and, it is therefore essential to develop energy storage systems for future requirements.
Li-ion battery (LIB) and supercapacitor are the key energy storage devices developed for electric vehicles/ motorcycles [1] . LIBs have high energy density, long cycle life, low self-discharge, environmental friendly, no memory effect, rapid recharge, and light weight [2] . LIBs can be used to many application fields, such as portable device, home appliances, transportation, and industry. The instruments of LIB include electrodes (cathode and anode), separator and electrolyte [3, 4] . The performances of electrodes is the most important factor affecting the cycle life, stability and safety of LIBs. Graphite is widely used in commercially available LIB, in which lithium forms graphite intercalation compounds (GICs) and the highest level can be LiC6, corresponding to a theoretical capacity of 372 mAh g -1 , but this type of anode does not meet the safety requirements for large size battery applications [5] [6] [7] [8] [9] [10] [11] [12] [13] . Graphene, consists of a single layer of sp 2 bonded carbon atoms arranged in honeycomb structure, with high surface area, and high electron mobility (15,000 cm 2 V −1 s −1 ) at room temperature. Single layer graphene has theoretical lithium storage capacity of 744 mAh g -1 , if lithium is attached to both sides of the graphene sheets. The enhanced lithium storage capacity of graphene has attracted tremendous attention in replacing graphite, for use in anode active material of LIB [14] [15] [16] [17] [18] . Graphene derivate with different oxygen-containing groups such as graphene oxide (GO) and reduced graphene oxide (rGO) can serve as electrode materials with higher capacity. Graphene-based materials can be used as 2D buffer layer for the anisotropic growth of various metal (M)/metal oxides (MOs) nanoparticles (NPs) and effectively suppressed the aggregation of these NPs [19] . It is known that MOs such as zinc oxide (ZnO) [20] , RuO2 [21] , NiOx [22] , SnO2 [23] , and MnO2 [24] have gained lot of interest as electrode materials in lithium-ion batteries in the last decades not only because of their higher theoretical capacity but also they can improve the capacity of carbon-based lithium-ion batteries [25] . Zinc oxide is a wide band gap semiconductor (3.37 eV) with large exciton binding energy of 60 meV at room temperature [26] , and is considered as a multifunctional material for a various applications such as light-emitting devices [27] , UV Photodetectors [28] , supercapacitors [29] , water splitting [30] , and piezoelectric nano-generator (PZG) [31] due to its excellent physical and chemical properties. ZnO, as an anode material of lithium ion batteries, has a theoretical capacity of 978 mAh g-1 [25] . However, some disadvantages of ZnO, such as the poor electronic conductivity, large volume expansion during lithium/delithium process, and fast capacity fading are major challenges for its industrial applications. Recently, various hybrid nanostructures of ZnO nanoparticle and carbon-base materials, which can improve mechanical durability of ZnO and shorten the diffusion paths for Li ion transport, have been developed and thereby improving cycling performance and facilitating fast lithiumion diffusion [20] .
Herein, we demonstrate a possible strategy to combine ZnO and reduced graphene oxide (rGO) in the form of a composite that can be used as anode materials with improved electrochemical properties for applications in LIBs. [32, 33] Commonly used Hummers' method was slightly altered for the synthesis of GO (graphene oxide) by using graphite powder (ALDRICH graphite, 1-2 micron) and the complete procedure was reported elsewhere [32, 33] . 2g of the graphite powder was taken in a glass beaker followed by the addition of concentrated sulfuric acid (H2SO4) and the mixture was stirred for 10 minutes [34] room temperature. Then, sodium nitrate (2g NaNO3) was added to the above mixture followed by continuous stirring for another 30 minutes in an ice bath condition. Potassium permanganate (12 g of KMnO4) was slowly added to the above mixture followed by continuous stirring for another 30 minutes. Temperature of the mixture was increased to 78 °C and maintained for 2 hours to which 80 ml of deionized water was added (stirring for 15 minutes) and the reaction is completed by mixing 200 ml of distilled water and 30% H2O2 solution (10 ml) leading to yellowish colored mixture [35] . Finally, hydrogen chloride (20 ml HCl) was added to the solution mixture and stirring is continued for a while. GO was then filtered, washed repeated by alcohol/deionized water and finally dried at 45 °C overnight in a vacuum oven.
EXPERIMENTAL

Synthesis of graphene oxide (GO)
Synthesis of ZnO/rGO hollow sphere nanocomposites
GO(40~50 mg) was added in to 40 ml dimethyl formamide (DMF) and ultrasonicated for 10 min [34] . Zinc acetate dihydrate [Zn(CH3COO)2•2H2O] (0.92 g) was dispersed in 200 ml of DMF by magnetic stirring. Subsequently, GO solution was added into the zinc acetate solution with continuous magnetic stirring to prepare stable reaction precursor, then, the mixture is heated to 98 ºC and maintained at this temperature for 5 hr. In the reaction, the color changed from dark gray to bright gray. The as obtained ZnO/rGO hollow sphere nanocomposites powder was washed repeatedly by ethanol and DI water by and finally collected by centrifugation. The final ZnO/rGO hollow sphere nanocomposites powder was obtained after drying the product at 55 ºC.
Characterization of GO and ZnO/rGO hollow sphere nanocomposite
The crystallinity, surface morphology, the microstructure and the crystallographic phases of GO and ZnO/rGO hollow sphere nanocomposites was studied by X-ray diffraction (XRD, Model No: GADDS/D8 DISCOVER diffractometer) equipped with CuKα (λ = 1.54 Å) as the X-ray radiation source, field emission scanning electron microscopy (FE-SEM, Model: AURIGA-39-50, EHT=5kV) and transmission electron microscopy (TEM, JEOL JEM-2100F CS STEM). Raman spectra were recorded on a laser micro-Raman spectrometer with an excitation of 514 nm laser light. Thermogravimetric Analysis (TGA, Perkin Elmer, Pyris 1 TGA) was carried out within 20 ºC -800 ºC (heating rate 15 ºC per min) in N2 atmosphere. [24, 35] Electrochemical measurements were carried out by using CR2032 type coin cells at room temperature. The working electrode was prepared by mixing the active material (80 wt. %), the conductive additive (10 wt.% of Super P), lithium hydroxide (5 wt. % ) and the binder (5 wt.% of polyacrylic acid) [36] [37] [38] . The PAA based binders were lithiated by titration using aqueous LiOH (Li-PAA) and controlled by adjusting the pH value of the solution [36] . The four components were mixed with a suitable amount of deionized water to produce a slurry. This was then uniformly loaded on a copper foil with a doctor blade as a current collector. The sample was cut into circular electrodes and dried for 30 min at 70 °C in an electric oven. The cells were assembled in an Ar-filled glove box with lithium foil as the counter electrode, and a solution of 1.0 M LiPF6 dissolved in 1:1 (v/v) EC/ DEC as the electrolyte. Galvanostatic Li + charge/discharge analysis was carried out using a Wonatech WBCS3000 automatic battery cycler. All electrochemical measurements were conducted in the potential range from 0.002 V to 3 V (vs Li + /Li). Figure 1 shows the XRD spectra of GO and ZnO/rGO composite. The XRD pattern of GO exhibits a broad and weak diffraction peak centered at 2θ = 10.13°, which correspond to the interlayer spacing of 0.8623 nm. The dramatic increase in interlayer spacing of GO is ascribed to the embedding of oxygen-containing functional groups during the oxidation process. The standard diffraction pattern of ZnO (JCPDS, card NO. FESEM images reveals the surface morphologies of GO, ZnO nanoparticles and ZnO/rGO hollow sphere nanocomposite which are presented in Figure 2 . The surface of GO is randomly folded and have wrinkled structure (Fig. 2a) due to the presence of oxygen-containing functional groups on GO nanosheets. From Figure 2b , it shows that the typical diameter of ZnO nanoparticle is 80  20 nm. ZnO nanoparticles uniformly disperse on the substrate without aggregation. When zinc ion react with GO and forming ZnO/rGO nanocomposite, the morphology would be hollow sphere structure self-assembly (Fig.  2c) , which consists of many nano-size ZnO nanoparticles (diameter: 60  10 nm). Figure  3a shows the bright field TEM image of GO sheets, which shows wrinkled layer. The HRTEM image (Fig. 3b) shows that the graphene oxide with weak crystallized structure, and it correspond to the diffraction ring of nano-beam electron diffraction pattern (NBDP) (Fig. 3c) . The result of NBDP correspond to XRD diffraction peaks of GO. Figure 3d-3f show the TEM images of ZnO nanoparticles. Figure 3d shows that the diameter of ZnO nanoparticles is around 80  20 nm. From the HRTEM image (Fig. 3e) , the d-spacing of ZnO nanoparticle is 2.882 Å, corresponding to the crystal phase (100). However, the TEM images of ZnO/rGO nanocomposite (Figure 3g-3i) show dramatically different morphology from ZnO nanoparticles. The morphology of ZnO/rGO nanocomposite is self-assembled hollow sphere structure, and the diameter of hollow sphere is about 400-500 nm. The TEM image (Fig.  3h) further shows that the ZnO/rGO hollow sphere are composed of nanoparticles. The NBDP of ZnO/rGO hollow sphere shown in Fig. 3i confirms the crystal phase (101) of the ZnO.
Electrochemical analysis
RESULTS AND DISCUSSION
The Raman spectra for GO and ZnO/rGO hollow sphere nanocomposite were also characterized as shown in Figure 4 . For both the samples, distinctive G band centered at around 1578 cm -1 (tangential mode) could be observed and assigned to the E2g phonon of C(sp 2 )-C(sp 2 ) bond stretching vibrations; and the D band at around 1341 cm -1 (disorder mode), which was a breathing mode of κ-point phonons Raman spectra of (a) graphene oxide and (b) ZnO/rGO nanocomposites. Figure 5 shows the thermogravimetric analysis (TGA) of GO and ZnO/rGO nanocomposite from room temperature to 800 ºC in N2 atmosphere. The detail weight loss is shown in the inset. The mass loss from room temperature to 180 ºC is due to the loss of water molecules existing both on the surface and dominating in materials. The weight loss at intermediate temperature range (280-580 ºC) is attributed to the thermolysis of oxygen-containing functional groups to generate carbon monoxide (CO) or carbon dioxide (CO2) [20, 23] . From the result of TGA analysis of GO, it shows that GO was decomposed when the temperature higher than 211 ºC. The remnant after 580 ºC corresponds to the amount of ZnO in nanocomposite. The weight ratio of GO and ZnO is 2 to 8 approximately. The electrochemical performance of as-prepared GO and ZnO/rGO hollow sphere nanocomposite anode are evaluated in a half-cell utilizing a metallic lithium film as the counter electrode and reference electrode. The galvanostatic charge-discharge curve for GO and ZnO/rGO nanocomposite electrodes between 0.002 and 3.0 V (vs. Li/Li + ) at a current rate of 0.1C is shown in Fig. 6a-b 694.02 mAh g -1 for ZnO/rGO nanocomposite electrodes. From the cycle performance results, the irreversible capacity of GO and ZnO/rGO nanocomposite are 74.2% and 45.1%, respectively. The initial discharge capacity increased and irreversible capacity decreased due to the GO reduction, which improved the conductivity. It is observed that not only the specific capacity is enhanced but also irreversible capacity is dramatically increased. Figure 6 . Charge/discharge curve of (a) graphene oxide and (b) ZnO/rGO nanocomposite. Capacity vs. cycle number plots of (c) graphene oxide and (d) ZnO/rGO nanocomposite.
As other metal oxides and previously reported of ZnO-based materials [20, 25, 41] , there is voltage plateau at 0.5 V which is mainly from the irreversible reduction of ZnO to Zn and the formation of Li-Zn alloy. The conversion reactions between ZnO and Li ions can be expressed by the following two equations:
Conversion reaction:
Alloying reaction:
The capacity vs. cycle number plots of GO and ZnO/rGO nanocomposite are shown in Fig. 6c nanocomposite, respectively, which prove that the positive effect of combining ZnO with GO forming ZnO/rGO nanocomposite and facilitate the performance. It has been reported that the combination of ZnO with carbon based materials (carbon nanotubes, reduced graphene oxide, graphene) can improve the performance (cyclic stability, rate capability etc.) of lithium ion batteries. Table 1 provides a brief review of the electrochemical properties of ZnO/carbonbased material composite [20, [41] [42] [43] [44] [45] [46] [47] that shows that the combination of ZnO and GO/RGO/CNT have higher capacity and better cyclic stability than pure ZnO material. The Nyquist plots of GO and ZnO/rGO nanocomposite (Fig. 7) shows two different regions: a semicircle in the high frequency and a slope line in the low frequency, which describe various resistances obtained in the materials [23, 48, 49] . The semicircle at high frequency, which is mainly contributed from active material (GO or ZnO/rGO) and the electrolyte, of ZnO/rGO nanocomposite is smaller than the GO electrode, indicating that ZnO/rGO nanocomposite has smaller surface film resistance and charge transfer resistance. Meanwhile, the slope line can be attributed to the diffusion of lithium ion into electrode materials [48] [49] [50] . ZnO/rGO nanocomposite exhibits smaller diameter of the high-frequency semicircle as that with GO, revealing lower charge-transfer resistance, which may be attributed to the highly electric conduction performance of GO and high capacity of ZnO. 
CONSLUSIONS
In summary, in this work GO and ZnO/rGO hollow sphere nanocomposite are successfully fabricated via a facile route. During the process of synthesis of ZnO/rGO nanocomposite, the formation of ZnO and reduction of GO proceed simultaneously. The electrochemical property of ZnO/rGO hollow sphere nanocomposite showed better Li storage performance and stable reversible capacity of 605.36 mAh g -1 , which is 4.5 times higher than the reversible capacity of GO (133. 82 mAh g -1 ). GO has wide interlayer space that serves as appealing 2D substrates for the anisotropic growth of ZnO nanoparticles, and self-assembled ZnO/rGO hollow sphere nanocomposite with improved capacity and conductivity. 
